Carotenoids often influence male coloration, and the carotenoid-based coloration is used for female mate choice in some animals. The positive influence of carotenoids on a variety of physiological systems in animals is also known. Because animals have to obtain carotenoids from their food, the conspicuousness of carotenoid-based coloration may indicate the male's foraging ability for carotenoid-rich food. It is possible, therefore, that females can obtain benefits of the high-foraging ability and, thus, health or vigor of their offspring through their mate preference for the male coloration. In order to test this prediction, we examined the influence of algae-intake (carotenoid-resource in nature) on guppies. By algae-supplement, not only male orange coloration but also growth of both sexes and female reproduction were enhanced compared with fish in control groups, although they got the same amount of energy from their food. However, carotenoid-supplementation did not show the positive influence on growth and reproduction, though male orange coloration became conspicuous. It is possible to explain the difference of the influence on growth and reproduction between algae-and carotenoid-supplement groups in two ways. First, some kinds of carotenoids within algae other than carotenoids used for carotenoid-supplementation play an important role for enhancement of growth and reproduction. Second, other substances (e.g. non-digestible carbohydrates) within algae influenced growth and reproduction through the positive effect on digestive system. Since algae-intake enhanced not only male orange coloration but also growth and reproduction, female guppies may obtain benefits through mate preference for males having brighter coloration and, hence, greater foraging ability for algae.
Introduction
Carotenoid-based coloration is known as one of major sexual signals in animals (Andersson, 1994; Olson & Owens, 1998) . Since animals can not synthesize carotenoids de novo, they must obtain carotenoids from food such as plants and algae (Mayne, 1996; Olson & Owens, 1998) . Therefore, carotenoid-based coloration is thought as an honest signal of foraging ability and may signal the superiority of the individual. In fact, individuals having most conspicuous carotenoid-based coloration are chosen by the opposite sex as the best mate in a variety of birds and fishes (Hill, 1991; Johnson et al., 1993; Bakker & Mundwiler, 1994; Wedekind et al., 1998; Craig & Foote, 2001) . Moreover, conspicuousness of carotenoid-based coloration often influences on male-male competition for accessing mates or other resources (Evans & Norris, 1996; Pryke et al., 2002) . In addition, because parasites affect host health as well as carotenoid-based coloration, brightness of carotenoid-based coloration also indicates the ability of parasite resistance of the individuals (Milinski & Bakker, 1990; Lozano, 1994; Skarstein & Folstad, 1996; McGraw & Hill, 2000) .
On the other hand, carotenoids also have several biological functions in animals and the amount of dietary-carotenoids influences on a variety of physiological processes such as nervous, immune, digestive, endocrine and reproductive systems (Krinsky et al., 1989; Olson, 1993; Olson & Owens, 1998; Blount et al., 2002) . For example, carotenoids play an important role in free-radical absorption and, thus, may function in cancer prevention (Burton & Ingold, 1984; Bendich, 1993; Mayne, 1996) . Therefore, animals necessarily acquire carotenoids and the greater amount of carotenoid-intake may favor their physiological systems.
This suggests that carotenoid-based coloration reflects the males' foraging ability for carotenoid-rich foods and carotenoid-intake contributes not only to male sexual attractiveness but also to health and vigor in both sexes. If foraging ability could be inherited by the offspring from their fathers, females can obtain indirect benefits by choosing their mates on the basis of coloration through both sexual attractiveness of their sons and vigor or health of their offspring. However, no integrated information is available about the influence of the diet containing carotenoids both on male sexual ornaments and on other fitness components such as growth and reproduction. In order to test this prediction, therefore, we examined the influence of algal-intake on
